
WORLD niTELLECrUAL PROPERTY ORGANIZATION
lmcm»ioAaI Bureauper

mTERNATlONAL APPLICATION PUBLISHED UNDER THE PATENT COOPEJUTCON TREATY (PCI)

^) Iitfematioiiai Patent Oassificatfon ^ :

A61K'37/36 Al

(n)IiiteniatioDal PnbBcatHrD Nmnber:

(43) iDterastiasal PubJIcatioD Date:

WO 93/12812

8 July 1993 (08.0753)

(21) latematiQiial Application Number: PCT/DK92/00379

(22) lBt£matioDaIFiliiigDate: 16 December 1992 (1 6.1252)

^)Prionlydata:
2046/91

1364/92

20 December 1991 (20.12.91) DK
10 November 1992 (10JL92) DK

(71) AHiHcant: NOVO NORDISK A/S IDK/DIQ; Novo Alle.

DK-2880 Bagsvaerd {DK).

(72) Iiiveiitors: S0RENSEN, Hans, Hohnegaard ; Joacbim

ROTnowsvej 21, DK-2830 Vinan (DJQ. SKRIVER, Lais

; Ellesopatk 24, DK-2930 Vedbak (DK). HOELGA-
ARD» Annie, Rassing ; Kastanievej 35, DK'2840 HoKe
(DK).

(74) Agent: NOVO NORDISK A/S ; Patent Department, KNii,

Novo Allfe, DK-2880 Bagsvaerd (DK).

(81) Designafed States: AU, BG, BR, CA, CS, H, HU, JP, KP,
KR, NO, N2. PL, RO, RU, UA, European patent (AT,

BE. CH» DE, DK, ES,TR, GB, GR, IE, IT, LU, MC;
ML, FT, SEX OAPI patent (BF, BJ, CP, CG, CT. CM>
GA, GN, ML, MR, SN, TD, TG).

PublidieiS

With international search report

{54)11tle: A STABILIZED PHARMACEUTICAL FORMULATION COMPRISING GROWTH HORMONE AND HISTl-

DINE

(57)Ab5ti:9Ct

A pbarmaceotical preparation comprising a growth hormone and histidine or a derivative of histidine as additive or buffer-

ing substance shows a veiy high stability against deamidation, oxidation and deavage of peptide bonds. The stability ofthe pro-

duct allows for the storing and shipment thereof in a lyophilized state or in the form of a dissolved or re-dissolved preparation at

ambient temperature. Cr^talltzation of growth hormcme in the presence of histidine or a derivative thereof gjves rise to a higher

yield of crystals having a high^ purity than known methods.



FOR THE PURPOSES OFmFOmATiON ONLY

Codes used to tdenufy States party to the PO' oa the fn>nt fwges of pamphlets publishing international

applications under the PCT.

AT AiBtrlt FR France

AU Aiettralta CA Gabon

SB Bszbuttos CB Uattctf Kbt^Imn

&E Bctg^un CH Guinea

BF ca Greece

BC HU Muaisxry

Si
BR

Benin IE IrdamI

BraHl rr Italy

CK Jp

CP lleatctt ATnom (ficpubSic KP tXnnomik: Rwpfc^ RcpobDc

CC cf Korea

Oi KR Republic of Kmca

a KZ

CM U liccbtotistda

cs uc Sri lonl^

cz I.U 1 joonfauurg

DE 64C Monsco

DK MC
ES Spano Ml. M»ri

PI Hotami MN

&1Jt

MW Malawi

HU Hvibtfteniis

NO Nonway

HZ New Zealand

PC Poloail

FT Portiijpl

RO
RU Ruecrnm Fcdoauon

SO
se Swcdbn

SK Stuvok RiTpobtn:

su Sovid Union

TD CtiaJ

TC
UA liltfahtt:

tiS UdUcrf SaUs^ America

VN ViclNan»



wo 93/12812 PCT/DK92/aB379 .

1

TITLE

A stabilized pharmaceutical formulation com-
prising growth hormone and histidine*

PIELD OP THE IKVBKTION

The present invention relates to a stabilized pharmaceutical

5 formulation comprising growth hormone, to a method of maXing

such formulation, crystals of growth hormone comprising hi-

stidine or a derivative thereof, a method of preparing such

crystals and the use of histidine or derivatives of histidine

for stabilizing a formulation of growth hormone.

10 BACKGROUND OF THE INVENTION

The growth hormones (GH) from man and from the common do-

mestic animals are proteins of approximately 191 amino acids,

synthesized and secreted from the anterior lope of the pitui-

tary gland* Human growth honhone consists of 191 amino acids.

15 Growth hormone is a key hormone involved in the regulation of

not only somatic growth, but also in the regulation of meta-

bolism of proteins, carbohydrates and lipids. The major ef-

fect of growth hormone is to promote growths

The organ systems affected by growth hormone include the ska-

20 leton, connective tissue, muscles, and viscera such as liver,

intestine, and kidneys*

Until the development of the recombinant technology and the

cloning of the growth hormone gene now giving rise to produc-

tion of e.g. human growth hormone (hGH) and Met-hGH in indu-

2S strial scale, human growth hormone could only be obtained by

extraction from the pituitary glands of hxnaan cadavers. The

very limited supplies of growth hormone restricted the use

thereof to longitudinal growth promotion in cdiildhood and

puberty for treatment of dwarfism, even though it has been
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proposed for inter alia treatment of short stature (due to

growth hormone deficiency, normal short stature and Turner

syndrom), growth hormone deficiency in adults, infertility,

treatment of bums, wound healing, dystrophy, bone knitting,

5 osteoporosis, diffuse gastric bleeding, and pseudoarthrosis.

Purtaxermore, growth hormone has been proposed for increasing

the rate of growth of domestic animals or for clecreasiig -e

proportion of fat in animals to be slaughtered fcr humas c .n-

strniptilon.

10 Pharmaceutical preparations of growth hormone tend to be un-

stable. Degradation products such as deamidated or sulfoxy-

date<* oroducts and dimer or polymer forms are generated -

e^>eri:lly in solutions of growth hormone.

Ttie^ predominant degradation reactions of hGH are 1) deamida-

15 tion by direct hydrolysis or via a cyclic succinimide inter-

meadiate to form various amounts of L-asp-hGH^ L-iso-asp-hGH,

D-=»sp-hCT, and D-iso-asp-hOT (ref 1 ) , 2) oxidati:m of ti=e

me-hionine residues in positions 14 A 125 (ref 4-9,, and 3;

clj^avage of peptide bonds*

20 Deamidation especially takes place at the Asn in position

149.

hGH is rather easily oxidized in positions 14 and 125, espe-

cially in solution (4-8)

.

ThB oxidation of hGH in solution forming sulfoxides is nor-

2S mally due to the oxygen dissolved in the preparation. The

solubility af oxygen in distilled water is about 200 tm (9) -

As the concentration of hGH in a preparation comprising 4

lU/ml is 1.3 mg/ml corresponding to 60 nM hGB, oxygen will,

at normal storing conditions, be present in an excess of

30 about 3000 times the stoichiometric amount for oxidation of
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hGH. It is not feasible to try to solve the problem by

degassing of buffers before tapping and packing the

preparations

•

At present, it is not believed that these degradation pro-

5 ducts should have toxic or altered biological activity or

receptor binding properties, but there is indication to the

effect that the conformation stability of the sulfoxides is

reduced as compared to native hGH.

For the development of a stable, dissolved preparation com-

10 prising hGH it is of importance to )aiow the rate of formation

of sulfoxides as well as means to control the oxidation.

The kinetics of degradation depend on temperature, pH and

various additives or adjuvants in the hGH formulation^

Due to the instability, growth hoirmone is, at present,

15 lyophilized and stored in the lyophilized form at 4"^C until

it is reconstituted for use in order to minimize the degrada-

tion.

The lyophilized pharmaceutical preparations comprising hGH

are, at present, reconstituted by the patient and then stored

20 at a low ten^jerature , often at about 4*C in the refrigerator

as a solution during the period of use of up to 14 days,

during which some degradation will take place*

Furthermore, the process of reconstitution of the lyophilized

growth hormone tends to provide difficulties f6r the patient.

25 Thus, it is at present preferred to reconstitute the growth

hormone as late as possible before use and to store and ship

the preparation in a lyophilized state.. The chain from the

manufactorer to the pharmacy is apt for handling the prepara-
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tions at a controlled low temperature of e.g. 4-C which al-

lows for a long shelf life of up to two years.

However, the extended use of pen systems for self-medication

and the expanded field of use caUs for a preparation which

5 is stable for a sufficient long time with the end user under

conditions where "sufficient" cooling is not always avai-

lable.

Preferably, a preparation should be stable with the end user

in a lyophilized state for about one month and additionally

10 for one month in a reconstituted state in a pen device for

the intended period of use of a cartridge.

Hius, there is a need for more stable preparations of growth

hormone being stable in a lyophilized state at a relative

high temperature for a period and additionally for a period

15 of use at a relatively high temperature in solution. Such

stabilization is of very great importance when moving the

administration of the growth hormone from clinics to the ho-

mes of the individuals to be treated where optimal storage

may not be available as indicated above.

20 Furthermore, the shift in pattern of administration of growth

hormone to the use of pen devices calls for a stable dissol-

ved preparation comprising growth hormone in order to facili-

tate the handling to be performed by the patient. & stable

dissolved preparation comprising growth hormone may be pro-

25 duced ready to use in the form of cartridges fitting into the

pen device used by the patient vho may then avoid the recon-

stitution of the preparation and, hence, will not have to be

in the possession of a lyophilized preparation, a suitable

vehicle for reconstitution as well as the necessary skill and

30 sterile equipment for sterile reconstitution of the prepara-

tion.
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For safety reasons it will also be desirable to avoid the

reconstitution of a lyophilized preparation jxist before the

use of the preparation

•

Furthermore, it would also be an advantage to avoid the lyo-

5 philization step in the production of growth hormone prepara-

tions. Lyophilization is a time consuming and costly process

and is also often a "bottleneck" in the production due to tho

limited capacity of the freeze drier.

Thus, there is a need to reduce the rate of the degradation

10 processes in order to allow for dissolved hGH preparations

being stable during shelf life and during the period of use

of up to one month.

Prior attempts to stabilize hGH has not fully succeded in

preventing the formation of dimer* The problems associated

15 with dimer formation is e.g noted in Becker, G,W«, Biotech-

nolocrv and Applied Biochemistry 9, 478 (1987).

International Patent Publication No. WO 89/09614 and Austra-

lian patent application No. 30771/89 disclose a stable phar-

maceutical formulation containing hiiman growth hormone, gly-

20 cine, and mannitol. Such a preparation shows improved stabi-

lity during normal processing and storage in a lyophilized

state as well as in the period of use after the reconstitu-

tion.

Published European patent application No. 303 746 discloses

25 that animal growth hormone may stabilized with various stabi-

lizers to give decreased formation of ihsolubles and preser-

vation of the soliible activity in aqueous environments, such

stabilizers including certain polyols, amino acids, polymers

of amino acids having a charged side group at physiological

30 pH, and choline salts. Polyols are selected from the group

consisting of non-reducing sugars, sugar alcohols, sugar aci-

ds, pentaerythritol, lactose, water-soluble dextrans and Fi-
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coll; aadno acids are selected from the group consisting of

glycine, sarcoslne, lysine or salts thereof, serine, arginine

or salts thereof, betaine, N,N,-diinethyl-glycine, aspartio

acid or salts thereof, glutamic acid or salts thereof; a po-

5 lymer of an amino acid having a charged side group at physio-

logical pH may be selected from polylysine, polyaspartic

acid, polyglutamic acid, polyarginine, polyhistidine, polyor-

nithine and salts thereof; and choline derivatives are selec-

ted from the group consisting of choline chloride, choline

10 dihydrogen citrate, choline bitartrate, choline bicarbonate,

tricholine citrate, choline ascorbate, choline borate, choli-

ne gluconate, choline phosphate, di (choline) sulphate and di-

choline mucate.

EP 374120 discloses a stabilized preparation of growth hormo-

15 ne comprising a buffered polyol excipient comprising a polyol

having three hydroxy groups and a buffer to achieve a pH in a

range in which the growth hormone retains its bioactivity for

a sufficient period of time. Histidine is mentioned as a buf-

fer for a polyol having three hydroxy groups.

20 BRIEF DBSCKIPTIOK OP TSB IKVBOTION

It has no-^ surprisingly, been found that a preparation of hu-

man growth hormone comprising only histidin or a derivative

thereof as additive or buffering substance in an amount of

from 0.1 to 12 mg histidine or derivative thereof per mg of

25 growth hormone shows a very high stability against deamida-

tion, oxidation and cleavage of peptide bonds. The stability

of the product allows for the storing and shipment thereof in

a lyophilized state or in the form of a dissolved or re-dis-

solved preparation.

30 BP 303746 mentions polyhistidine as a potential stabilizer

for animal growth hormone but there is no indication whether

it stabilizes an animeil growth hormone or human growth hor-

mone.
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EP 374120 teaches that histidine hydrochloride laay be used as

a buffer for buffering a polyol having three hydroxy groups

for improving the stability of a growth hormone prepeuration

in the form of a solution comprising a high concentration of

5 growth hormone and a polyol as stabilizer. Histidine hydroch-

loride must be added in an amount of about 3% by weight of

the solution corresponding to a concentration of -0.15 M so-

lution of histidine hydrochloride. EP 374120 also teaches

that histidine alone does not impart chemical and physical

10 stability to a growth hormone preparation.

The preparation of the invention may be in the form of a lyo-

philized powder to be reconstituted later using conventional

vehicles such as distilled water or water for injection or in

the form of a solution or a suspension of crystals comprising

15 growth hormone. Such vehicles may comprise conventional pre-

servatives such as m-cresol and benzyl alcohol.

A preferred embodiment of the invention is in the form of a

pharmaceutical preparation of human growth hormone comprising

histidin or a derivative thereof in the form of a buffered

20 agueuos solution of growth hormone buffered with histidine

buffer. Such preparation is in a ready-to-use form and may be

stored and shipped as an agueoiis solution without any consi-

derable degradation. L-histidine has a p¥A of 6.0 and is,

accordingly suitable as a buffer itself at pH 6.5.

25 The formulation of histidine at pH 6.5 is considered stable

at 25''C for almost 50 days.

A further, preferred embodiment of the invention is in the

form of a pharmaceutical preparation of human growth hormone

comprising histidin or a derivative thereof in the form of a

30 buffered aqueous suspension of crystals of growth hormone

buffered with histidine buffer. Such a preparation is very

stable and keeps the growth hormone in a crystalline phase

during the storing and shipment in a ready-to-use form giving
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an even lower tendency to degrade* Such preparation acts like

a dissolved preparation vihen injected, i.e. tliere is no su-

stained release of the human growth hormone.

For stability reasons the pH of a solution or suspension pre-

5 paration is preferably adjusted to a value in the interval

from 2-9. Preparations having a pH from 5 to 8 and especially

a pH from 6 to 7.5 are more preferred.

In order to obtain the stabilizing effect, the concentration

of histidin is preferably from 1 mM to 100 mM. More prefer-

10 red, the concentration of histidin added is in an amount from

2 to 20 mM, most preferred from 5 to 15 mM.

Addition of 10% ethanol or 5% methanol resulted in more than

20% reduction in the deamidation.

The preparations of the invention may also be in the form of

15 a lyophilized powder or "cake" comprising growth hormone or a

growth hormone derivative, and histidin or a derivative

thereof in an amount from 0.1 to 12 mg histidine or derivati-

ve thereof per mg growth hormone or growth hormone derivative

and a buDcing agent for lyophilization selected from the

20 group consisting of sugar alcohols and disaccharides and mix-

tures thereof. A sugar alcohol is preferably mannitol.

Lyophilized preparations according to the invention compri-

sing sucrose are preferred due to a veary high stability and

preparations comprising sucrose and mannitol are especially

25 preferred combining very high stability with a very good pro-

cessabilit^ giving firm hyophilized products being readily

dissolvable and very stable in solution for an extended

period of time after dissolution. Further preferred prepara-

tions according to the invention are preparations comprising

30 mannitol and trehalose as bulking agent for the lyophiliza-

tion. Preparations according to the invention comprising man-
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nitol and a disaccharide normally comprises about equal

amount of the two constituents on a weight basis.

The amount sucrose present in the preparations of the inven-

tion may vary within wide limits. The ratio of growth hormone

5 to sucrose may vary from 0,005 to 1.5 on a weight basis

«

Thus^ the amount of sucrose may be from 0-67 to 200 mg per mg

of growth hormone, an amount of from l.i to 50 mg per mg of

growth hormone being preferred.

Lyophilization of hGH in histidine buffer does not give rise

10 to any problems. The rate of deamidation is reduced by 20% on

standing after redissolving as compared to phosphate buffer.

The pharmaceutical preparation of the invention may further-

more comprise salts conventionally used in order to facilita-

te the processing thereof, e.g. the lyophilization or recon-

15 stitution.

Another way of stabilizing growth hormone according to the

invention is to form crystals of growth hormone giving a good

protection against degradation. It has surprisingly been

found that preparations of growth hormone in the form of cry-

20 stals comprising histidine fulfil the above-mentioned needs.

The crystals in dried form may be used directly as a GH pre-

paration to be reconstituted before use in the conventional

manner.

Thus, the present invention also relates to crystals of

25 growth hormone or a growth hormone derivative comprising

histidine or a derivative thereof and an organic or inorganic

cation. It has been shown that the quality of such crystals

is better than the quality obtained using previous formula-

tions.
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Although readily available in quantities sufficient for cry-

stallization, no succesfull crystallization of SI has been

reported so far. Micro crystals, or amorphous material have

been reported from a variety of sources: (Jones et al., Bio-

5 Technology (1987) 5, 499 - 500? Wilhelmi et al., J.Biol.Chem.

(1984) 176, 735 - 745; Clarkson 6t al., J.Mol.Biol. (1989)

208, 719 - 721; and Bell et al. , J.Biol. Chem. (1985) 260,

8520 - 8525.

Oiie hanging drop method is the most common method used in

10 attempts for crystallizing GH. Apparently due to heterogeni-

city growth hormone preparations the size and the shape of

the crystals reported vary significantly. The largest cry-

stals have been reported by Jones et al. (1987). For their

successfull experiments they used a miscture of polyethylene

15 glycol 3500 and beta octyl glucoside at neutral pH. Clarkson

et al. (1989) reported that the use of lower alcohols and

acetone permitted the generation of crystals of 0.001 to

0.005 cubic mm with varying shapes. None of the Jcnown methods

are however suitable for commercial production of GH crystals

20 a. o. due to the fact that periods of growth of from several

weeks up to one year are needed.

Bovine growth hormone has been formulated for veterinarian

use in a mixture of divalent ions and an oil (BP 343 696). By

addition of ZnClj to either bovine or porcine growth hormone

25 in the presence of lipids undefined particles were produced

to form a prolonged release formulation. The growth hormone

was dispersed in the carrier in such a way as to trap 1 to 4

Zn molecules per growth hormone molecule. The solutions were

prepared in the presence of varying concentrations of dena-

30 turing solutes (1 to 4 M of urea) at high pH (9.5) . A repro-

duction of this process with hGH has shown thiat it is not

possible to produce crystals in this way.

From the literature it is well known that the presence of

divalent cations during the process of crystallization of
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insulin permits not only excellent orientation during analy-*

sis, but also improved physical conditions for the crystalli-

zation (see e.g. US pat; no. 2174862). Growth hormone is,

however, more than three times larger than insulin and has a

5 totally different conformation. Svirprisingly it has now .been

shown that the addition of cations to solutions containing

hGH and histidine or a derivative of histidine renders pos-

sible the generation of stable, uniform crystals of the

growth hormone in high yields. Furthermore, the period of

10 time necessary for the formation of high quality crystals of

hGH is relatively short,

A further aspect of the invention is a method for preparing

crystals of growth hormone and histidine or a derivative of

histidine comprising the steps of:

15 a) forming a solution of growth hormone or growth hormone

derivative in a solvent and adding histidine or a derivative

of histidine and optionally adjusting the pH to a value from

5 to 8 using hydrochloric acid

b) adding organic or inorganic cations

20 c) crystallizing the solution at a temperature from about 0'*C

to about 30 "C, and

d) isolating the cirystals formed by a manner known per se.

It has been found that crystallizing hGH in the presence of

histidine or a derivative thereof gives a higher yield of

25 crystalline hGH in the form of bigger and more pure and uni-

form crystals then crystallization in the presence of phosp-

hate buffer normally used for formulation of preparations of

hGH. Thus, the isolation and pxirification of the crystals is

facilitated.
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The yield of crystals has been increased by 20% ^en car-

rying out the crystallisation in the presence of histidine as

compared with crystallizing from previous fonmilations.

The starting material, the growth hormone, may be a concen-

5 trate obtained directly from the fermentation broth or a con-

ventional lyophilized preparation which is dissolved in the

solvent and adjusted to a concentration of preferably more

than 0.1 mg/ml, preferably a concentration from 4 to 7 mg/ml

and most preferred a concentration of 6 mg/ml. The solvent

10 used in step a) is suitably an aqueous buffer such as phosp-

hate buffer or histidine buffer.

The crystallization is allowed to proceed for a period from 1

to 120 hours, preferably from 5 to 72 hours and most prefer-

red from 20 to 48 hours at a temperature. The temperature is

15 preferably from 4 to 25 'C.

The pH in step a) is normally from 5.0 to 7.5, preferably

from 5-0 to 6.8, more preferred from 5.8 to 6.5, and most

preferred from 6.0 to 6.3.

The concentration of histidine or histidine derivative in

20 step a) may vary from 5-25 mM, 5-15 mM being preferred, in

order to have crystals of appropriate size and quality as

stated above.

Divalent cations are preferred and inorganic cations such as

Zn***^ has been found to be well suited for the fast formation

25 of stable GH crystals. Also mixtures of cations can be used.

The cation should be added in an amount providing fast and

efficient formation of well defined crystals. The upper limit

for the amount of added cation is the amount xrtiich would cau-

se unspecific precipitation of substantial amounts of

30 amorphous material.
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When using Zn**, suitable concentrations will typically be

from about 0.2 to 10 mol Zn**/iDol GH. However, if the crystal-

lization reaction mixture contains a buffer or other compound

which is capable of binding the cation, e.g. in a complexed

5 form, a higher added concentration of the cation will be nee-

ded for the crystallization process in order to compensate

for this binding.

Zn** will preferably be used in an amount which will cause

formation of GH crystals Jiaving a molar ratio between Zn** and

10 GH from about 0.2 to about 10, more preferred from about 0.5

to about 5 and preferably from about 0.5 to about 2.

When using other inorganic cations, the concentration may be

varied between 0.5 and 10 mol cation/mol GH.

In a preferred embodiment of the invention an organic solvent

15 or a mixture of organic solvents is added in step a)

.

suitable organic solvents to be added for the crystallization

may be chosen from short chained aliphatic, alicyclic or aro-

matic alcohols and ketones such as methanol, ethanol, 1- and

2- propanol, cyclohexanol, acetone, and phenol or m-cresol.

20 Preferred organic solvents are ethanol and acetone, ethanol

being most preferred.

The solution may be seeded by adding small and well defined

crystals of hGH of hexagonal or needle shape, but preferably

no seeding is carried out.

25 The concentration of the organic solvent may be from 0.1 to

50% v/v, preferably from 0.1 to 30%, more preferably from 0.1

to 20%, even more preferably from 5 to 15% and most preferred

from 6 to 12% v/v.
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The presenfc process may be used as a fast and efficient down

streaia processing' of the growth hormone in question, due to

the formation of crystals in large volioaes of solutions.

When using ethanol as the organic solvent, the concentration

5 is suitably between 0.1 and 20%, more preferrably between 5

and 15% and preferably from 6 to 12% (v/v)

.

The crystals formed may be isolated by conventional methods

such as centrifugation or filtration, washing and optionally

lyophilization to remove traces of organic solvents.

10 The size of the crystals will be dependent on the Zn** to GH

ratio and the choice and content of solvent used in the pro-

cess.

hGE crystals according to the present invention have been

shown to have a biological potency similar to that of a solu-

15 bilized hOI standard in in vitro tests. The novel GR cry-

stals can thus be used for the same indications as the com-

mercially available hGH preparation

-

Still another aspect of the invention relates to the use of

histidine or a derivative thereof for the preparation of a

20 stabilized preparation of growth hormone.

The pharmaceutical preparations of the invention are pre-

ferably presented in a imit dosis form comprising from 4 lU

to 100 ItJ growth hormone per dosis.

In the present contesct "growth hormone" may be growth hormone

25 from any origin such as avian, bovine, equine, human, ovine,

porcine, salmon, trout or tuna growth hormone, preferably

bovine, hinoan or porcine growth hormone, human growth hormone

being most preferred. The growth hormone xxsed in accordance

with the invention may be native growth hormone isolated from
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a. natural source, e.g. by extracting pituitary glands in a

conventional manner, or a grovth hormone produced by recomhi-

hant techniques, e.g as described in E.B* Jensen and

Carlsen in Biotech and Bioeng. 36, 1-11 (1990). The "growth

5 hormone derivative" may be a truncated form of growth hoirmone

wherein one or more amino acid residues has (have) been

deleted; an analogue thereof wherein one or more amino acid

residues in the native molecule has (have) been substituted

by another amino acid residue, preferably the residue of a

10 naturally occurring amino acid, as long as the substitution

does not have any adverse effect such as antigenicity or re.-

duced action; or a derivative thereof, e.g deamidated or

sulfoxidated forms of the growth hormone or forms having an

N- or C-terminal extension such as Met-hGH, Met-Glu-Ala-Glu-

15 hGH or Ala-Glu-hGH- The preferred growth hormone is hGH.

The term "derivatives of histidin" is used, for the present

piirpose, to designate amides and esters of histidine such as

the methyl or ethyl ester,, dipeptides such as His-Gly, His*-

Ala, His-Leu, His-Lys, His-Ser, and His-Phe, and analogues or

20 derivatives of His such as imidazol, des-amino-His or poly-

His. For the sake of simplicity, the contents of histidine or

a derivative thereof in the preparations of the invention is

calculated and using the molar weight of histidine itself.

The term "salts" used to designate additional agents for fa-

25 cilitating the processing or reconstitution of pharmaceutical

preparations comprises conventional additives such as alkali-

ne metal, alkaline earth metal or ammonium salts of organic

acids such as citric acid, tartaric acid or acetic acid, e.g.

sodiizm citrate, sodium tartrate or sodium acetate, or of mi-

30 neral acids such as hydrochloric acid, e.g. sodium chloride.

In the present context "high stability" is obtained when the

preparation is more stable than the conventional formulations

comprising phosphate buffer.
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A "sugar alcohol* may e.a. be maimitol, xylitoi, erythritol,

threitol, sorbitol or glycerol.

In the present contact "disaccharide-^ is used to designate

naturally occurring disaccharides such as sucrose, trehalose,

5 maltose, lactose, sepharose, turanose, laminaribiose, isomai-

tose, gentiobiose or melibiose.

The solvait used in the preparations of the invention nay be

water, alcohols such as ethyl, n-propyl or isopropyl, butyl

alcohol or a joixture thereof. The solvent may comprise a pre-

10 servative such as m-cresol or benzyl alcohol.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described more in detail with reference to

the drawings in which

Fig. 1 shows a photo of crystals of hGH prepared in the pre-

15 sence of phosphate buffer twithout addition of histidine)

(Magnification 400X), and

Fig 2 shows a photo of crystals of hGH according to the

invention formed in the presence of histidine buffer. (Magni-

fication 400X).

20 DET3MLBD DESCRIPTION OF THE INVENTION

The invention is eacplained more in detail in the below Exam-

ples which illustrate the invention. They are not to be con-

sidered as limiting the scope of the invention being defined

by the appended claims.
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EXPERIMEKTAL FAKT

EXAMPLE 1.

Reduction of the deamidation ^

The rate of deamidation was examined at 37 *C for hGH pre-

5 parations comprising 4IU and 12IU at pH 6.5 in His buffer as

compared to phosphate buffer at the same pH.

The hGH preparation comprising 4 lU having the composition A

was prepared by dissolving 13*3 mg hGH in 10 ml 10 mM

histidine buffer prepared by dissolving 15.5 mg histidine in

10 10 ml deionized water containing 0.9% benzyl alcohol and

adding 0.1 N hydrochloric acid to pH 6.5. The preparation

comprising 12 lU was prepared by dissolving 40 mg hGH in the

same constituents as stated above.

The hGH preparation comprising 4IU having the composition B

15 was prepared by dissolving 13.3 mg hGH in 10 ml 10 m35f

disodium phosphate prepared by dissolving 17.8 mg disodium-

hydrogen-phosphate in 10 ml deionized water, containing 0.9%

(v/v) of benzyl alcohol and adding 0.1 N phosphoric acid to

pH 6.5. The preparation comprising 12 la was prepared by

20 dissolving 40 mg hGH in the same constituents as stated

above.

Composition A:

10 mM His

0,9% benzyl alcohol

25 HCl ad pH 6.5

Composition B:

10 mM disodium phosphate

0,9% benzyl alcohol

phosphoric acid ad pH 6.5
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The preparations were exajained by lE-HPLC for the contents of

desamido-hGH iimnediately after the reconstitution and after 7

days at 37*C. The results appear from the below Table 1.

5 nffa^idation.

Preparation l)esanLido

%

Buffer A

10 Start

Buffer A
7 days at 37'C

Buffer B

Start

15 Buffer B

7 days at 37

From the above figures it appears that the deamidation of hGH

is significantly reduced at 37 in histidine buffer as

compared with phosphate buffer.

4IU/inl ^-"^

12 lU/ml 2.1'

4IU/inl 10.1

12IU/ml 10*4:

4 UX/ml 1-8

12 lU/ml 2.3

4 Vl/Ml IS-

9

12 lU/ml i4.9
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EXAMPLE 2:

Reduction of the deamidation in the presence of histidine or

histidine derivatives.

The rate of deamidation was examined at 25 for hGH pre-

S.parations comprising 6 lU hGH at pH 6,5 and at pH 7.3 in 5

rm, 10 jM and IOObM' His buffer as compared to B mM phosphate

buffer at the same pH, Furthermore, the histidine derivatives

His-Gly, His-Ala, His-Leu, His-Lys, His-Phe, His--Ser, Histi-

dine methyl ester ^ histidinol, imidazol, imidazol-4-acetic

10 acid, and histamine were tested.

The hGH preparations were prepared by dissolving 20 mg hGH in

10 ml of histidine buffer of the desired strength prepared by

dissolving 7,8 mg, 15.5 mg, and 155.2 mg, respectively, of

histidine in 10 ml deionized water containing 0.9% (v/v) of

15 benzyl alcohol and adding 0,1 N hydrochloric acid to the

stated pH.

The hGH formulations stated in the below Table 2 were stored

at 25 *C and analyzed for the desamido contents after 14 and

'30 days by lE-HPLC. The results appear from the below Table

2Q 2.

Table 2,

Contents of desamido hGH as determined bv lE-HPLC as a funC'

tion of the formulation and the time in solution at 25*G;
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Formulation C*) Formation of desamido compound

at 25'*C

5 5 mM His pH 6.5

5 mM His pH 7.3

10 mM His pH 6.5

10 m His pH 7.3

100 mM His pH 6-5

10 100 mM His pH 7-3

15 8 mM di-Na-phosfat

pH 6.5,

0.3% m-cresol

10 mM Asp, pH 6.5

10 mM GlU, pH 6.5

20 10 His-Gly,

14 days ('} 30 days

6.5 9-1

11.0 17.4

6.8 5.7

11.3 16-6

9.8 15.2

19.3 28.8

8 mM di-Na-Phosfat 7-8 1^.8

pH 6.5

8 mM di"Na-Phosfat 15.2 20.3

pH 7.3

9.4 13.2

21.7 nd

14.8 nd

5.6 8.1
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pH €.2

10 inM His-Ala 6,2 8,5

pH 6.5

10 inM His-Leu 8,8 12.3

5 pH 6.5

10 iriM His-Lys 8.6 12.0

pH 6 .5

10 vM His-Phe 7*5 11.3

pH 6.5

10 10 mM His-Ser 22.0 nd

pH 6.3

10 bM His-methyl- 4.6 5.2

ester, pH 6.5

15 10 inM histidinol 27.4 nd

pH 6.5

10 iqM imidazol 9-2 12.2

pH 6.5

10 inM imidazol- 10.3 14.2

20 4-acetic acid

pH 6.5

10 inM Histamine 9.8 12.2

pH 6.5
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*: comprises 0.9% benzyl alcohol, exc^t fonnualtion No.

9

The contents of desamido-hGH in starting material was: 2.1 %

From the above Table 2 it appears that the de-amidation of

hGH is reduced by approximately 20% by the addition of histi-

5 dine as coii^jared with phosphate buffer at ph 6.5 and 7.3.

Purthermore, a reduction of the pH from 7.3 being the conven-

tional pH of commercial hGH preparations to 6.5 in itself

gives rise to a reduction of the rate of de-amidation by 50%.

Histidinol does not seem to stabilize the preparations under

10 the test conditions, and addition of histidine in larger amo-

unts does not add but rather detract from the desired effect.

Comparable results are seen to be obtained using histidine

analogues such as imidazol, histamine, and imidazol-4-acetic

acid as well as the histidine methyl ester giving rise to the

15 formation of only 3.1% desamido-hGH after 30 days at 25 'C,

allowing for a life-time of the preparation of 3-4 months.

Addition of Asp or Glu increases the rate of deamidation as

compare to phosphate at pH 6.5.

Addition of dipepttdes of the type His-X shows positive ef-

20 feet for His-Gly and His-Ala, whereas His-Ser reduces the

stability to de-amidation.

The above results show that the rate of de-amidation is redu-

ced by lowering the pH and by adding histidine in a low con-

centration, preferably about Sma-lOitiM. The rate of de-amida-

25 tion may be reduced by more than 50% by lowering the pH and

substituting the phosphate buffer with histidine.
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The use of m-cresol or benzyl alcohol as preservative seems

to have no influence on the rate of de-amidation*

Split-formation (hydrolysis of peptide bonds) is reduced by

histidine at pH 6.5 in coiaparison with phosphate.

5 EXAMPLE 3.

Reduction of the formation of sulfoxide .

The dependency og the pH and the type of buffer was examined.

Dependency of pH:

Formulation:

10 A corranercial hGH preparation (Norditropin® ^ 12 lU/ml) compri-

sing bicarbonate, glycine and marmitol -J- 0.9% benzyl alcohol

was adjusted to pH 8.3, 8.0, 7.5, 7.0, 6.5 and 6.0 using 0,1

N hydrochloric acid, and the samples were left at 37 'C.

Analysis was carried out by RP-HPLC after 0, 7 and 14 days^

15 The results appear from the below Table 3.
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Table 3.

Formation nf Sulfoxide

sample Temp Days Sulfoxide

10

15

pH 8-37 0 1.0

pH 8.37 37 7 9.0

pH 8-04 37 7 8.7

pH 7.52 37 7 8.3

pH 7*01 37 7 7.7

pH 6.52 37 7 6.5

pH 6.02 37 7 4.8

pH 8.37 37 14 14.9

pH 8.04 37 14 14.5

pH 7.52 37 14 14.0

pH 7.01 37 14 12.9

pH 6.52 37 14 11.1

pH 6.02 37 14 7.7

as will be appreciated, the formation of sulfoxide of hGH is

20 reduced when lowering the pH from 8.4 to 6.0.

Type of Buffer, pHr

A B-hGB. preparation coBprising 12 ag/ml distilled water was

diluted in the proportion 1+10 with various buffers in a con-

centration of 15 mM and optional added .further additive{s)

.

25 The samples were left at 25 'C, and analysis by RP-HPLC was

carried out after 10 and 34 days. The results of the RP-HPLC

and optional additives appear from the below Table 4.
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Table 4.

Formation of Sulfoxide

Buffer pH Additive Sulfoxidated

lOd 34d

Phosphate 7.3 1.9 5.5

Histidine 7.3 0.9 2.4

Histidine 6.9 0.9 2.0

Histidine 6.5 0.8 1.9

Histidine 7*3 18 KM Met 0.8 2.0

Histidine 7.3 IS inM Cys 2.4 2.9

Histidine 7.3 0.42idM toe. 1.1 3.0

Histidine 7.3 9% ethanol 1.3 4.2

Histidine 7.3 18 inM asc. 41 nd

Histidine 7.3 0.8% NaCl 1.3 3.5

Toe: tocoferol; asc: ascorbic acid.

20 As compared with phosphate buffer, a marked reduction of the

formation of sulfoxidated B-hGH is observed in histidine buf-

fer (pH 7.3). A reduction of the formation of sulfoxide is

observed with falling pH in His-buffer.

No further effect was obtained by addition of anti-oxidants

25 or other additives.
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d^ne buffer

Aliquots of a hGH solution prepared according to Dalboege et

5al Biotechnology (1987), 5, 161-164, in concentrations of 6

Tog/ml were incubated in 10 mM phosphate or 10 inM histidin

buffer at pH 6.2. To each of the samples was added ethanol to

a final concentration of 7.5% (v/v) followed by addition of

zinc acetate solution to a final zinc concentration of 1.34

lOmol Zn/mol hGH in the case of phosphate buffer and 5.5 aol

Zn/mol hGH in the case of histidin buffer.

The crystals were grown in suspension for 16 hrs and the cry-

stallization was monitored by phase contrast microscopy. The

crystals formed in histidine buffer have a well defined uni-

15 sized hexagonal appearence comprising little or no amorphous

contaminants (rig. 1). On the contrary. hGH crystals formed

in phosphate buffer under the exact identical conditions show

a much more pronounced heterogenous appearence comprising a

considerable amount of amorphous material (Pig. 2)

.

20 The crystals were allowed to grow for a further 5 days,

crystals formed in both histidine and phosphate buffer were

collected by centrifugation and the crystals were dissolved

in 7 M urea followed by hGH analysis.

Buffer ^ crystals % fyee hGg

25 Histidine 65 35

Phosphate 55 45
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Thus histidine buffer provides better conditions for hGH

crystallization with respect to both yield of crystals and

quality

EXAMPLE 5

5 The stability of lyophilized hGH preparations comprising hi-

stidin and succcrose or mannitol compared to a conventional

hGH preparation containing phosphate, glycine and mannitol.

The following preparations 1-8 were made by desaltning a hGH

solution into the stated histidin buffers. After adjusting

10 the hGH concentration to 6 lU/ml with the various histidin

buffers, the stated amounts of mannitol and sucrose were dis-

solved

Preparations 9 corresponds to a conventional hGH preparation

and is used as reference.

15 All hGH solutions 1-9 were filled into vials a 1 ml and lyo-

philized.

Analyses of hGH were performed after reconstitution with a

0.9% solution of benzyl alcohol.

"1. hGH 6 lU/ml

20 Adjusted to pH 6.5 using HCl

Mannitol 33 mg/ml

2. hGH 6 lU/ml

Adjusted to pH 6.& using HCl

Sucrose 62 mg/ml
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3. hGH 6 TU/ml

Adjusted to pH 7.0 using HCl

Mannitol 33 mg/ial

4* hGE 6 lU/ml

5 Adjusted to pH 7,0 using HCl

Sucrose 62 mg/ml

5. hGH 6 lU/ml

Adjusted to pH 6.5 using HCl

Mannitol 33 mg/ml

10 6- hGH 5 lU/ml

Ajusted to pH 6*5 using RCl

Sucrose 62 mg/ml

7, hGH 6 TU/ml

Ajusted to pH 7-0 using HCl

15 Mannitol 33 mg/ml

8. hGH s XD/ml

Ajusted to pH 7.0 using HCl

Sucrose 62 mg/ml

gi, hGH 6 IU7ml

20 Na^HPO^, 2H2O 0.59 mg/ml

NaHjPO^, 2H2O 0.53 mg/ml

Mannitol^ 20.5 mg/ml

Ajusted to pH 7.0 using phosphoric acid

The lyophilized products are readily soluble and forms clear

25 aqueous solutions-
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The amount of polymer before lyophilization (BL) and litanedi-

ately after lyophilization, after 7 months at 4'C, after 7

months at 4"C plus 4 months at 37 *C and after 7 laionths at 4°C

plus 4 months at 25* C in % is stated in Table 5*

5 ThB amount of dimer in % is stated in Table 6.

The amount of desamido hGR in % is stated in Table 7, and

The amount of sulfoxide in % is stated in Table 8»

The amount of desamido hGH and sulfoxide was determined as in

Examples 1-4.

10 The amount of dimer and polymer was determined by gp-HPLC,
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Table 5

toount of Polymer in %

Buffer
BL T=0 7 mos,

4*'C

7 mos. 4"C +

4 mos. 37*C

7 mos. 4*C +

4 mos. 25*C

No. 1

0.2

1.5

1.5 2.0 6.0

No. 2

—

0.2

0.2 0.2 0.2 0.2

No- 3

0.2

0-8

1.0 1.8 4.0 2.6

No. 4 0.2

<0.2 0.2 <u. 2 <0.2

No» 5

<0.2

0.8

0.7 1.6 3.1 3.0

No. 6 0.2

0.2 0.2 0.2 <0.2

No- 7

0.2

1.3

1.4 2.0 3.1 2.3

No. 8 0.2

0.2 0.2 <a.2 <0. :

No. 9

0.2

1.2

1.4 2.3 2.9 2.2

The amount of polymer is clearly lower for samples comprising

sucrose.
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Table 6

Buffer

Amount of Dimer in %

BL T=0 7 JDOS. 7 mos. 4*C +

A •mos 37 • C

7 mos. 4*C +

4 mos. 25 *C

No. 1

D« 4

0.8

n Qu y

No. 2 0.4

fx A U * J ^ • O n 4

No. 3

0.4

1.1

t "I 4.7

No* 4 0.4

0.4 0.4 3.3 0.4

No. 5

0.3

0.6

0.6 1.1 3.4 2.2

No. 6 0.4

0.4 0.3 3.1 0.3

. No. 7

0.3

0.9

0.9 1.4 4.7 3.3

No. 8 0.4

0.5 0.4 3.0 0.4

No. 9

0.5

0.6

0.7 1.0 4.3 2.2

The amount of dimer is clearly lower for samples comprising

sucrose

.
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TABLB 7

Amoxmt: of Desamido hGH in %

Buffer
BL T=0 7 IDOS.

4'C

7 mos. 4'C +

4 mos. 37 *C

7 mos. 4'C +

4 mos* 25°C

Wo 1

2.0

1.8

1.4 1^1 3.9 -

iMO • ^ 1-4

1.5 3.1 22.8 3..

3

2-1

1*2

1.3 2.1 5..6 1.5

no • fr 1.6

1.6 2-1 23.6 1.0

No* 5

1.6

1.3

0.9 1.4 12.1 1.0

No, 6 1.2

1.3 1.6 23.0

No. 7

2.0

—I

1.4

1.6 1.0 4.8 4.6

No. 8 1.5

1.4 1.9 20.2 2.9

No. 9

2-1

1.7

1.5 2.0 9.9 3.6

The amount of desamido-hGH is very low for compositions com-

prising histidine after 7 months at 4*C + 4 months at 25"C.
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Buffer

Amount of Sulfoxide in %

BL 7 mos

.

4 mos. 37'C

7 mos. 4*C +

4 mos. 25'*C

No. 1

No. 2

1.0

No. 3

4.8

No. 4

1.1

No. 5

No. 6

1.0

No. 7
1.8

No- 8

1.4

No. 9

2.4

The aiQotmt of sulfoxide is clearly lower in samples compri-

sing sucrose.
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EXAMPLE g

Stability of lyophilized preparations comprising histidine^

mannitol and disaccharide.

The following preparatioxis were made in the same manner as

5 disclosed in Example 5.

10. hGH 6 lU/ml

Adjusted to pH 6*5 vising HCl

Sucrose 21 mg/ml

Mannitol 22 mg/ml

10 11. hGH 6 lO/ml

Ajusted to pH 7.0 using HCl

Sucrose 21 mg/ml

Mannitol 22 mg/ml

12* hGH 6 lU/ml

15 Adjusted to pH 7.0 using HCl

Trehalose 20 mg/ml

Maiuiitol 22 mg/ml

The amount of disamido-hGH/ polymer, and dimer in % was de-

termined before lyophilization (BL) , at t=0, after three

20 months at 40 and after 6 months at 25 'C*

The results appear from the below Tables 9-11*

It appears that samples comprising mannitol and sucrose or

trehalose show better stability than samples comprising only

mannitol as bulking agent for the lyophilization.
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Table 9

Buffer

Amount of Desaroido-hGH in %

BL TeO 3 mos. at 40*

C

6 mos^ at 25*C

No. 1 0,8 3.0 3.1

No. 10 1-3 0.9 1.7 2.4

No. 3 0.9 2.4 3.0

No. 11 0.9 1.4 1.2 2.0

No. 12 1.0 1.8 1.9

No. 9 0.7 0.7 2.8 3.4

Table 10

10 Buffer

Amount of Polymer in % 1

BL 3 mos. at 40"C 6 mos. at 25*C

No. 1 1.1 5.0 4.1
1

No. 10 0.4 0.6 1.8 1.3

No. 3 0.9 5.2 3.2

No. 11 0.5 0.6 1.5 1.1

1
No. 12 0.8 1.3 1.1

1

^ 0.4 0.6 1.9 1*6
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Table 11

Amount of Dimer in %

Buffer
Bit T==0 3 IBOS. at 40*^0 6 mos. at 25*0

No. 1 1.3 4.3 3.8

No. 10 0.5 0.9 1.8 1.6

No. 3 1.3 5.0 4*3

No. 11 0.6 1.2 2.2 1-8

No. 12 1.1 1.6 1.4

No. 9 0.6 0.9 l.o 2.3
1
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EXAMPLE 7

FoyTnulation of a Pharmaceutical Preparation Containing Cry-

stals of hGH;

Crystals were grown as described in example 4 and stored at

5 4"C. TtiB crystals were then isolated by centrifugation and

subsequent removal of the mother liquor. Then the crystals

were lyophilized over night to achieve dry crystals without

remaining organic solvent* A pharmaceutical suspension of the

dried crystals was prepared according to the following for-

10 mulation:

hGH crystals 1.3 ing/ml

Histidine 1.6 mg/ml

Zn(Ac)2,H20 0.1 mg/ml

Benzyl alcohol 0.9% (v/v)

15 pH was adjusted to 6.5 using HCl*

EXAMPLE 8

Example 7 was repeated with the exception that 2n(Ac)2/H20 was

omitted, giving a suspension of the following formulation:

hGH crystals 1.3 xag/ml

20 Histidine 1.6 mg/ml

Benzyl alcohol 0.9% (v/v)

pH was adjusted to 6,2.
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EXaMPLE 9

The crystals were treated in the same way as in example 7 and

the following suspension was formulated:

hGH crystals ^'^ "^/"^

SHistidine
1.33mg/ml

FaCl 5.7 mg/ml

Benzyl alcohol 0-9* <^/^J

pH was adjusted to 6.2.

EXftMPLE 10

10 The crystals were treated in the same way as in exaii?)le 7 and

the following solution was prepared:

him crystals ^-3

Histidine 1-14 ^/"^

NaCl

15 pH was adjusted to 6.1.

EXftMPLE 11

la an analogous manner as described in EXflMPLE 1 biosynthetic

human growth hormone was formulated in a concentration of 6

ru/ml in 0.9% benzyl alkohol at pH 6.5 in various concentra-

2(>tions of histidine, 0, 1, 2, 5, 10, 20, 30, 50, or lOO mM.
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ThB saiaples were stored 7 days at 37 and analyses for the

contents of desamido, oxidized forms and diners and polymers

yere performed in the same manner as described above. The

results appear from the below Table 12 wherein the contents

5 of desamido-hGH, dimers and polymers, and oxidized forms are

determined by lE-HPLC, GP-HPLC and RP-HPLC and the contents

of the cleaved forms of hGH is measured by lE-HPLC.

The amount of Dimer is low when the concentration is 1 mM

histidine or above, for formation of desamido compoiinds con—

10 centrations of histidine of up to 30 mM gives acceptable re-

sults, and for formation of oxidized forms concentrations of

histidine below 20 mM are preferred. An overall optimum is

seen for a concentration of histidine of 5 mM-
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CLAIMS

1. a. pharmaceutical preparation comprising a grcnrtb hormone

or a growth hormone derivative and histidine or a derivative

of histidine in an amount of from 0,1 to 12 mg histidine or a

5 derivative thereof per mg of growth hormone.

2. A pharmaceutical preparation as claimed in claim 1 in the

form of a buffered aqueuos solution of growth hormone

buffered with histidine buffer in a concentration from 1 mM

to 100 mM.

10 3. A pharmaceutical preparation as claimed in claiio 1 in the

form of a buffered aqueous suspension of crystals of growth

hormone buffered with histidine buffer.

4. A pharmaceutical preparation as claimed in any of claims

1-3 wherein the pH is adjusted to a value in the interval 2-

15 9.

5. A pharmaceutical preparation as claimed in claim 4 where-

in the pH is adjusted to a value in the interval from 5 to 8.

6. A pharmaceutical preparation as claimed in any of the

proceeding claims further comprising a sugar alcohol or a

20 disaccharide or a mixture thereof.

7. A pharmaceutical preparation as claimed in any of the

preceeding claims comprising mannitol or a disaccharide or a

mixture thereof.
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8. A pharmaceutical preparation as claimed in claim 7 where--

in the disaccharide is sucrose or trehalose.

g. A pharmaceutical preparation as claimed in any of claims

1-8 wherein the growth hormone is hGH.

5 10. crystals of growth hormone comprising histidine or a der-

ivative of histidine,

11. Crystals as claimed in claim 10 wherein the growth hormo-

ne is hGH.

12. A method of preparing crystals of growth hormone or

10 growth hormone derivatives and histidine or a derivative of

histidine comprising the steps of:

a) forming a solution of growth hormone or a growth hormone

derivative in a solvent and adding histidine or a derivative

of histidine and optionally adjusting the pH to a value from

15 5 to 8 using hydrochloric acid.

b) adding organic or inorganic cations,

c) crystallizing the solution at a temperature from about O^C

to about 30 'C, and

d) isolating the crystals formed by a manner known per se.

20 13. A method as claimed in claim 12 wherein the solvent in

step a) is selected from short chained aliphatic, alicyclic

or aromatic alcohols and ketones.
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14. A Bethod as claimed in claim 11 or 12 wherein the growth

hormone is hGE*



W09}/I2812 PCr/DK92/00379

FIG. 2



INTERNATIONAL SEARCH HIPOST loternatioR^ applicaiioo No.

PCT/DK 92/00379

A. CLASSIFiCATlON OF SUBJECT MATTER

IPC5: A61K 37/36
Acconfing to Intematignal Patent Qarofaiion (IPC) or lo boih naiionai dasrificaiiop and IPC

B. FIELDS SEARCHED
Minimtan documentatHsi searched (rfamfkaiion system followed by cbsnHcation symbols)

IPCS: A61K, C07K

Documentation searched other than ixuramum documeoxation to the extent that such documents are hnJuded in the felds searched

SE,IK>FI,NO classes as above

Electronic data base consulted during the tnterikattonal search (name of data base and, where practicabte» search terms used)

MmiME, EMBASE, WPI> CLAIMS

C DOCUMENTTS CX>NSIDERED TO BE RELEVANT

C^legoiy Ctlation of document, with incfic3tk>n, where appropriate, of the rdevani passages Relevant to datm No.

EP, A2, 0374120 (MDNSAMTO C(M>ANY), 20 June 1990

(20.06,90), whole docunjent, especially clalni 16

US, A, 4816568 (HAHILTON. JR. ET AL),
28 March 1989 (28.03.89), column 2,

line 67 - colunm 3, line 16; column 4,

line 36 - line 44, claims 17.27

US, A, 4917685 (VISWANATHAM ET AL). 17 April 1990
(17.04.90)

1-14

1-14

1-14

~j Further documents are ftsted in the ccmtinualion of Box C
| [

See patent family annex.

Spcoai categories of cited doctaDCxdsi

'A* documoildcfmiag thegenaatstne oftteaitvittdiiiootcoi^
to be of particular retevance

B* ertier docnzoeu but pcblUbed on or after tbc tntcmanonai GUog date

"L* donimntf v^adi may ihcow docfati on prioriQr ciaizD(x} or t^Hdt is

cited to cstafaitiih dte ^lUication date ofanother dtsdoa 0^
spraal icauw (as specsScd^

'O^ docotncoi refierrtog to ao oral ^sdosar^, nse* ediS^QD or other

^P' ' doritfMT^nT pobEi^bed pnor to ths ^^i^i^ pwr^f^p^^ fitrng ^^^f^y bdt later iban

tto prioiiiy date datpied

T* later rtnntmfTit pnbtijheri after the uatemaiioaat figng dam or priority

(late and aot in conflict with the appilcatioo bat dted to understand

the pnadpic or theory undertjoxig the bveniioo

'X** docutoeni of pazticolar retevaocc the claimed Inveotion caowtt be
considered novdl or cannot be ccosidcred to uiyoive an inveotr^
step the document it taken alooe

*"

'Y' dociiuicgi of partictriar rdevaoce tfts ctafaned invention raimrt be
ccnndered to imntve en invcndvc step it^ien the documeat is

tocnMged with one or mtve oQter sudi docnaipnts^ such cambSnadtm
beins obvtoqs to a person ddlled in the art

Dale of the acittat completion of the international search

7 April 1993

Date of matHng of the intemattonat search report

1 3 -04- ^93

Name and maiCng address of the ISA/

Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM
Facsimae No. +46 8 666 02 86

Authorized ofltoer

Jonny Brun
Tetephone No. + 46 8 782 25 00

Form PCT/lSA/210 (second rtjeci) (Juftr 1992)



nSTESNATIDNAL SEARCH EEPOHT
Informatfon on patent taaSij membtrs

Z6/0Z/93

Internationar application No.

PCT/DK 92/00379

Patent document
died in search report

pub^cailon
daze

paxeni&nuty
inember(s)

Pubticasion

date

EPtAZ- 0374120 20/06/90 AU-A- 4617689

CA-A- 2005226

Jp-A- 2204418

21/06/90
13/06/90
14/08/90

US-A- 4816568 28/03/89 NOME

US-A- 4917685 17/04/90 NONE

i!dnn PCr/ISA/2tO (patoa OaSIfmm) {Wy 1992)



This Page is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original

documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

^^3^LACK BORDERS

IMAGE CUT OFF AT TOP, BOTTOM OR SffiES

FADED TEXT OR DRAWING

BLURRED OR ILLEGIBLE TEXT OR DRAWING

SKEWED/SLANTED IMAGES

^^j^COLOR OR BLACK AND WHITE PHOTOGRAPHS

GRAY SCALE DOCUMENTS

LINES OR MARKS ON ORIGINAL DOCUMENT

REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

OTHER: '

"

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image
problems checked, please do not report these problems to

the IFW Image Problem Mailbox.


